Abstract
Studieshaveshownbenefitsof
clinicians' counseling obese patients about their weight. 1, 2 The American Medical Association and the U.S. Preventive Services Task Force have encouraged physicians to assess all adult patients for obesity and provide intensive counseling to all obese patients. 3, 4 Although some experts find evidence to be inconclusive regarding the efficacy of low-to moderate-intensity counseling for overweight or obese patients, 4 others, such as the American College of Preventive Medicine, recommend diet and exercise counseling for all adults, regardless of their body mass index (BMI), because of the potential benefits and low risk. 5 Physicians typically provide weight counseling to less than 45% of their overweight 6 and obese 1, 7, 8 patients. This may be due to the uncertainty in the literature regarding efficacy, 4 other health issues needing attention, the perceived level of health risk related to obesity, 7 or reimbursement or other characteristics of the practice environment. 9 The physician's personal characteristicsincluding weight status, 10 holding a positive attitude toward prevention, practicing healthy behaviors, and having experience 11 and a strong obesitymanagement knowledge base 12 -also play important roles. 13, 14 Further, patients may interpret counseling efforts differently based on their physicians' weight status 15 and disclosure of personal health practices. 16, 17 Medical school offers a prime setting in which to examine factors associated with future physicians' weight counseling attitudes and behaviors. This study explores a wide variety of independent variables and their relationships with the perceived relevance of weight counseling to medical students and the frequency with which fourth-year medical students provide weight counseling to general medicine patients. Given the potential importance of physicians' personal weight status suggested in the literature, 10, 15 we also examine the demographic, attitudinal, and behavioral factors associated with overweight status among medical students. Viewed together, these complementary analyses provide a basis for further development or modification of medical school health promotion policies and clinical training opportunities to encourage future physicians to engage in appropriate and effective weight counseling.
Method

Study design
The analyses reported here were part of a larger study on medical student health, health practices, attitudes, and clinical behaviors. Other analyses from the dataset have been published previously. 18 -22 All medical students in the Class of 2003 at 17 U.S. medical schools 22 were eligible to complete a written questionnaire at three time points: at their first-year orientation (summer-fall 1999), at orientation to wards in their second or third year (fall 2000 -spring 2001), and during their fourth year (fall 2002-spring 2003) . We encouraged schools to participate by offering to provide them with schoolspecific summary data (in aggregate, without student identifiers).
We designed the sampling frame of schools to reflect all U.S. medical schools with regard to first-year students' average age (24 years versus 24 nationally), average number of students per school (563 versus 527 nationally), average NIH research ranking (64 versus 62 nationally), private/public school balance (private schools, 51% versus 41% nationally), underrepresented minorities (blacks, Hispanics, and Native Americans, 13% versus 11% nationally), gender (women, 45% versus 43% nationally), and geographic distribution. We excluded one school in 2002 for nonadherence to protocol, and their data were not included in the analyses reported here.
We developed survey questions based on prior qualitative and quantitative research, including analyses involving deans and medical students. 23 Prior published studies provide validation of the questions on diet among medical students 24 and of medical students' ability to accurately self-report how frequently they offer patient counseling. 25 According to the protocol approved by the Emory University institutional review board, we asked students to complete confidential written questionnaires (consisting of 101 questions completed in approximately 20 minutes) outside of formal classroom or training time so as to ensure that participation was voluntary. We instructed students that they could withdraw from the study at any time. Four schools used Dillman's 26 five-stage mailing process to maximize response rates after somewhat low response to the initial survey administration. Mailed responses accounted for 5% of the fourth-year responses.
We linked individual students' responses across the three time points using a unique identifier (the student's mother's initials at her birth and father's first two initials). Rather than pursue longitudinal analyses, which would have been limited to respondents reporting at all three time points, we used cluster analyses of the variables over time to make full use of the complete dataset. We treated each medical school as a cluster and each student's multiple responses as subclusters. To address the lack of independence between observations and to adjust variance estimates accordingly, we used the SUDAAN 27 statistical analysis software. As a result of this methodology, the number of responses for each variable reported in the tables and the raw data provided for percentages represent the total data points across the three surveys, rather than individual students. The numbers are, therefore, greater than the total number of students who responded.
Primary outcomes of interest: Perceived relevance and frequency of counseling
The two primary outcomes of interest, the questions we used to assess them, and the possible responses were:
• Perceived relevance of weight counseling:
"How relevant do you think this [talking to patients about their weight] will be in your intended practice?" (not at all/somewhat/highly)
• Frequency of weight counseling: "With a typical general medicine patient, how often do you actually perform this activity [talking to patients about their weight]?" (never-rarely/sometimes/ usually-always)
We collapsed possible relevance responses to "highly" versus "not at all/ somewhat" and potential frequency responses to "usually-always" versus "never-rarely/sometimes." The question regarding perceived relevance was posed at all three time points, but the frequency item appeared only on the third survey (administered to fourth-year students).
Independent variables
We chose independent variables a priori based on relevant past literature, and we assessed these variables at each time point. Categories of independent variables included demographics, personal physical health status, personal mental/emotional health status, personal health behaviors, school support for health promotion (composite score based on student perception of school support for healthy lifestyles), 20 perceptions regarding the relationship between personal weight and credibility as a physician, attitudes toward prevention, and intended specialty/subspecialty. Additional details on the survey questions and response options for these independent variables are provided in Appendix 1.
Analysis of factors associated with overweight status
At each time point, students reported their weight and height; we used these to calculate their BMI. For the additional analysis, we set overweight status, defined as BMI Ն25 (which included obesity, defined as BMI Ն30), as the dependent variable. 28 Independent variables in this analysis included the same array of demographic, attitudinal, and behavioral factors described above and detailed in Appendix 1.
Statistics
As noted above, we used SUDAAN 27 statistical analysis software. We modeled the primary outcome variables using multivariate logistic regression procedures and chose final models using backward stepwise selection procedures. Variables were dropped out of the final model individually until all remaining in the model were significant at P Ͻ .05. For multivariate modeling procedures, we modeled perceived high relevance of weight counseling and high frequency of weight counseling with the potential covariates. For the analysis on weight status, we used BMI calculated from each respondent's self-reported height and weight in order to determine overweight status (which included obesity, as described above). We then cross-tabulated overweight status with potential independent model covariates, while stratifying for gender. We conducted chi-square tests with associated P values on each of the cross-tabulations.
We checked models for potential problems with multicollinearity by conducting residual analyses and influence diagnostics to check for model lack of fit. 29 We cross-tabulated independent variables with the two primary outcomes from each of the respective models. For categorical variables, percentages with chi-square tests are reported; for continuous variables, means and t tests are reported. P values for each of the associated tests are reported.
In performing our analyses, we discovered that obese male students (identified by their BMI) were less likely than obese female students to characterize themselves as obese (data not shown). Because of this finding, we retained gender in the model regardless of significance.
Results
At first-year orientation, 1,846 of the 2,080 eligible students (89%) responded. At orientation to wards in their second or third year, 1,630 of the 1,982 eligible students (82%) responded. In their fourth year, 1,469 of the 1,901 eligible students (77%) responded. Of the 2,316 total responding students, 1,658 (72%) participated at more than one time point, and 971 (42%) completed all three surveys. Some students were not eligible or able to respond at all three time points for various reasons (e.g., pursuing additional degrees). Response rates for individual variables differ from the overall response rates and depend on the number of students who completed the associated sections of the survey. For example, incomplete responses to the height and weight questions prevented us from determining weight status for all respondents.
Perceived relevance of weight counseling
Bivariate analyses (data not shown) revealed that more than half of the students at each of the three time points reported weight counseling to be highly relevant to their intended practice: firstyear orientation, 63% (1,149/1,812); orientation to wards in second or third year, 70% (1,050/1,509); fourth year, 54% (717/1,329). Table 1 presents multivariate logistic analyses of factors associated with the perceived relevance of weight counseling controlled for gender and weight status. Compared with students at first-year orientation, students at orientation to wards were more likely to view weight counseling as highly relevant (odds ratio [OR] ϭ 1.88). However, this gain in relevance of weight counseling dwindled by students' fourth year, reverting back to the baseline percentage seen during their first year. Both increased current fruit and vegetable consumption and expectation of increased fruit and vegetable intake in the future were associated with viewing weight counseling as highly relevant (both OR ϭ 1.07). Stronger levels of agreement that maintaining a healthy weight will make that student more credible as a physician were associated with high relevance of weight counseling (OR ϭ 1.39), as were more positive attitudes toward the medical school's promotion of healthy student lifestyles (OR ϭ 1.27).
Students who reported feeling downhearted and blue most or all of the time were significantly less likely than their peers to view weight counseling as highly relevant (OR ϭ 0.55). Those expressing increasing agreement that "prevention is less interesting to me than treatment" were also less likely than others to find weight counseling highly relevant (OR ϭ 0.81), as were students planning to enter a non-primary-care specialty (OR ϭ 0.59).
Frequency of weight counseling among fourth-year students
Bivariate analyses (data not shown) revealed that 25% (350/1,393) of fourthyear students "usually-always" provided weight counseling to their general medicine patients. Students reporting poor physical health for the previous 30 days (P Ͻ .05) as well as those for whom losing weight was a high priority were more likely than other students to be overweight (overall and within gender categories; all P Ͻ .01). Those who reported poor mental health for all of the previous 30 days as well as those who felt downhearted and blue "all of the time" during the past 30 days were also more likely than others to be overweight (both P Ͻ .01).
Personal health behaviors also showed relationships with weight status. Heavy tobacco use was associated with being overweight, as was alcohol use (both P Ͻ .01). When stratified by gender, both men and women showed relationships between alcohol use and overweight status, but the patterns of association differed. Women who reported frequent binge drinking were the least likely to be overweight, whereas men who did so were the most likely to be overweight (both P Ͻ .05). Not being a vegetarian and lower fruit and vegetable consumption were associated with overweight status (P Ͻ .01 and P Ͻ .05, respectively). Both overall and within gender categories, overweight status was (2003), and its analysis was controlled for weight status and gender. Frequency of weight counseling was assessed only during the fourth year (2003), and its analysis was controlled for gender. CI indicates confidence interval; N/A, not applicable (frequency data not collected at each time point, only at fourth year); NS, not significant; OR, odds ratio; RC, referent category. † Neither ethnicity nor weight status was significantly related to the outcomes on its own, and so these characteristics are not presented. ‡ Amount and frequency of alcohol use during the past month with responses compiled and categorized as no alcohol use, light to moderate use, or infrequent to frequent binging, as is described in previous studies of this dataset.
19 § Composite score based on student perception of school support for healthy lifestyles, as is described in previous studies. 20 ¶ Increased agreement along a five-point scale from strongly disagree to strongly agree. ** Responses grouped as primary care (family medicine, general internal medicine, obstetrics-gynecology, pediatrics, preventive medicine/public health), subspecialty (anesthesia/pathology/radiology, emergency medicine, medical subspecialist, surgery, psychiatry, urology), or undecided. 
Population Health associated with confidence that fat intake would decrease, fruit and vegetable intake would increase, and they would exercise more in the next six months (all P Ͻ .01).
Medical school health promotion score was significantly associated with being overweight, but only for male students (P Ͻ .05). Men in schools with the lowest quartile of health promotion scores had the highest prevalence of overweight status. The great majority of medical students (88% of responses; 4,072/4,609) agreed or strongly agreed that medical schools should encourage students and residents to practice healthy lifestyles. However, rates of overweight status were highest among the minority of students who disagreed or strongly disagreed that schools should provide such encouragement (P Ͻ .01, overall and within gender categories).
Agreement that "prevention is less interesting to me than treatment" was associated with being overweight (P Ͻ .01), as was intended specialty choice (P Ͻ .05 overall and P Ͻ .01 within gender categories). Women choosing primary care specialties (including obstetrics-gynecology) were more likely to be overweight than were women choosing other specialties. Among men, a high percentage of overweight status was found among those choosing obstetricsgynecology (55%, 17/31), but not other primary care specialties (34%, 203/604). No significant associations were found between weight status and exercise frequency, perceived relevance of weight counseling, or frequency of providing weight counseling in the fourth year of medical school.
Discussion
We found weight counseling attitudes and practices among medical students to be associated with a variety of factors related to their medical school environment, career interests, and personal health behaviors and characteristics. We also observed a significant rise in perceived relevance of weight counseling between first-year orientation and second-or third-year orientation to wards. However, perceived relevance then worsened, presumably tempered by students' increased exposure to the realities and complexity of medical diagnosis, management, and attitudes.
This decline in perceived relevance of weight counseling over time mirrors others' findings of declines in medical students' expectations that they can effectively improve lifestyle behaviors of patients. 30 Because there is a low rate of weight counseling reported by U.S. physicians, 1,6 -8 students may not have witnessed their mentors providing this service consistently and may not have been encouraged to offer such counseling themselves. We also noted an association between fourth-year students' weight counseling frequency and students' perceptions of school support for healthy lifestyles (as assessed by the school health promotion score 20 ). Together, these findings-showing changes in attitudes over time as well as an association between counseling frequency and perceived school support for healthy behaviors-suggest that attitudes and practices regarding weight counseling are malleable. Efforts to increase medical students' exposure to behavior-change or never user, as is described in previous studies of this dataset. 18 Never user means not more than 100 cigarettes smoked cumulatively throughout the respondent's lifetime. ¶ Amount and frequency of alcohol use during the past month with responses compiled and categorized as no alcohol use, light to moderate use, or infrequent to frequent binging, as is described in previous studies of this dataset.
19 ** Composite score based on student perception of school support for healthy lifestyles, as is described in previous studies.
20 † † Grouped as primary care (family medicine, general internal medicine, obstetrics-gynecology, pediatrics, preventive medicine/public health), subspecialty (anesthesia/pathology/radiology, emergency medicine, medical subspecialist, surgery, psychiatry, urology), or undecided.
tools and strategies, such as motivational interviewing, are under way [31] [32] [33] and should be continued to ensure that physicians provide appropriate and effective weight counseling to patients.
Intended career choice also emerged as a key factor: Students interested in pursuing a non-primary-care specialty were about half as likely as students expressing interest in primary care to consider weight counseling relevant and to regularly provide it to general medicine patients during their fourth year. More than half of the U.S. adult population and a growing proportion of children and youth are overweight or obese. Furthermore, healthy weight achievement and maintenance affect patient outcomes for many, if not most, medical specialties and subspecialties. Therefore, the importance of weight management and acquisition of related skills, including counseling, should be embedded within clinical experiences for all medical students, not just those for students planning to enter primary care.
Medical students' personal health behaviors were also related to their attitudes and practices regarding weight counseling. In particular, we consistently found associations between our primary outcomes and greater fruit and vegetable intake as well as confidence that this intake would increase in the near future. These findings suggest that increased support for healthy lifestyle choices during medical school may affect clinical attitudes and behavior, as has been shown in other analyses of this dataset. 18, 20, 21 Furthermore, the majority of students indicated that medical schools should encourage healthy lifestyles among their students, which is a view we have found to be supported by medical school faculty as well. 34 Therefore, health promotion efforts should be generally well received if they are initiated in collaboration with students. 23 Particular attention should be paid to actively engaging students who are resistant to health promotion efforts, because we found that they may be among those who could benefit the most. Although efforts to document impact from existing curricula and distinct initiatives among medical students 35, 36 and residents 37 have been reported, further research on health promotion interventions within medical school populations and assessment of their impact on students' personal health and clinical practices should be undertaken.
Prior studies on health behaviors and related counseling, such as the U.S. Women Physicians' Health Study, 38 have shown a strong, topic-specific correlation between particular personal health practices and related prevention counseling practices. Consistent with other studies among physicians, 10 we found an association between personal weight status and weight counseling frequency, at least among white students (who made up 67% [934/1,389] of the respondents at fourth year). However, looking more broadly at our findings, we realized that personal weight has a more complex relationship with weight counseling than do the specific health behaviors explored previously through this dataset. 18 -22 Therefore, we have approached interpretation of associations between weight status and weight counseling with caution. The weight status analysis indicates that being overweight or obese is positively associated with a wide variety of factors. However, the analysis of primary outcomes shows that these same factors have both positive and negative relationships with weight counseling, clouding attempts to define a clear relationship between weight status and weight counseling. A person's weight status represents a diverse array of behaviors as well as social, genetic, and environmental factors; it is not surprising that its relationship with weight counseling practices is equally complex. This complexity may explain why we found no relationship between level of exercise and weight counseling, despite other analyses from this dataset showing that medical students' personal exercise behaviors are related to their patient counseling on exercise. 22 In addition, the limitations of using BMI to assess overweight and obese status may be particularly problematic in this healthy, heavily strenuously exercising 22 (and, therefore, likely more muscular) medical student population, further limiting our ability to make interpretations. Men may have been particularly prone to miscategorization based on BMI because they may be more likely to maintain greater muscle mass than women. This may have contributed to the finding that obese male students (identified by BMI) were less likely than obese female students to self-identify as being obese.
This study gains strength from its longitudinal design, sampling to represent the U.S. medical student population, and strong overall response rates. A key limitation is its reliance on self-report. However, our consistent use of the same methodology over time to assess perceived relevance of weight counseling and students' weight status enhances confidence in the trends, even if the measures are subjective. Medical students' ability to accurately self-report frequency of patient counseling has been validated previously, 33 giving us some level of confidence in these singlemeasure responses. It should be noted that the frequency question asked fourthyear students about providing weight counseling to a typical general medicine patient, without specifying patient weight status. We can assume that these students were seeing a significant number of overweight and obese patients based on national prevalence data. However, we do not know the extent to which variations in the obesity prevalence of the patient populations served by different medical schools and hospitals may have influenced students' reported weight counseling frequency. We believe the results, therefore, likely provide a low estimate of students' frequency of counseling overweight or obese patients.
As with any survey of this type, we must also acknowledge the possibility of selection bias because students' interest in or concern about weight or related issues may have affected their likelihood of responding to these questions. However, we did achieve strong overall and item response rates, and we asked questions about topics even more sensitive than weight, so the impact of this bias should be small. Also, the presentation of these questions on weight counseling in the midst of a wide array of health behavior questions may also have helped minimize bias specific to weight concerns.
Conclusions
Most medical students consider counseling patients about weight to be relevant to their intended careers. Our findings suggest that the medical school environment, intended career track, and personal health behaviors and characteristics play a significant role in Population Health determining medical students' clinical attitudes and practices related to weight counseling. These findings support the value of increased efforts by medical schools to promote healthful lifestyle choices for their students. They also highlight the importance of encouraging medical students pursuing all specialties to develop weight management and counseling skills. Exercise intensity (strenuous, moderate nonexhausting, and mild, minimally exertive exercise) and frequency (times/average week and average length of each exercise episode)
Responses compiled and categorized into a Godin score, 39 then broken into quartiles, as described in previous studies of this dataset Projected changes in F&V consumption, fat consumption, and exercise habits: "Over the next 6 months I am extremely confident that I will …"
Increase of 1 unit along a scale of 1-9, where 1 ϭ "Eat (F&V/fat)/Exercise less," 5 ϭ "Don't think I'll change," and 9 ϭ "Eat (F&V/fat)/Exercise more")
School health promotion score
Composite score based on student perception of school support for healthy lifestyles 5-point Likert scale (strongly disagree to strongly agree) for a wide variety of statements related to health promotion in the school setting, as described in previous studies of this dataset 20
Perceptions regarding credibility
"As a physician, I will be more credible if I maintain a healthy weight."
Strongly agree, agree, neutral, disagree, strongly disagree 
Attitudes toward prevention
